Therefore, each measurement should be carried out to a maximum obtainable accuracy independent of the results found in the other two. *
tion.
This model is used to compute corrections to the calculations of the muon g-2 value, to the p-pair production and to the muon-proton scattering cross sections. The purpose is to show by explicit calculation, and thereby to emphasize, that these are independent and complementary probes of the theory.
Therefore, each measurement should be carried out to a maximum obtainable accuracy independent of the results found in the other two. These experiments have been analyzed in terms of limits they put on possible deviations from the standard theory of quantum electrodynamics.
Since different ingredients of the theory enter into the different processee listed above, different features of the theory are probed by these experiments, In particular the Feynman diagrams in Fig. 1 show that the comparison of muon with electron scattering gives the ratio of muon to electron electromagnetic form factors as funcki,ons of momentum transfer s2. In Fig. 2 the lowest order g-2 calculation involves photon and muon propagators as well as the electromagnetic vertex when two lines, one photon and one muon, are off their mass shells.
In Fig. 3 for the BetheHeitler pair-production amplitude there appear a muon propagator and vertices with the muon propagator off the mass shell and with the photon real OT virtual.
In contrast with the g-2 diagram in which one' integrates over all virtual four momenta flowing through the lines and vertices in the closed loop, for the pair production the muon has a fixed (large) virtual four momentum. Also the virtual photon 'carrying" the Coulomb interaction is almost on its mass shell for the symmetric arrangement of equal energies and equal angles left and right for the CL-and P+. As a convenient mnemonic device it has become customary to regulate propagators appearing in the cross section calculations and to refer to 
gives a correction proportional to
where k is the incident photon energy and 0 the angle of a muon emerging with energy N k/2.
It is an old remark that neither of these regulator modifications (1) and (3) In order to preserve a differential current conservation law the alteration (3) must be accompanied by a change in the vertex function as dictated by the Ward-Takahashi identity.6
The purpose of this note is to discuss the matter of modifying the muon (fermion) propagator in a more systematic way and to compute in a simple model the resulting corrections to the g-2 and p-pair production (4) calculations.
There is no contribution to the muon-proton scattering since no virtual muon line appears in Fig. 1 . We then make a comparison with experiment in order to emphasize the main point motivating this note:
The g-2 and p-pair measurements are complementary and independent probes of the theory of quantum electrodynamics and a precise measurement of one of these numbers in no way pre-empts the urgency of measuring the other to the highest accuracy attainable.
GENERAL FOFiMULAS
We raish to consider only the effects on these processes which arise from a modification of the fermion propagator. 
It is OUT purpose to generalize the vertex only as much as is necessary to satisfy the Ward identity S-JgP') 8 T&P', P> q) S$P) = s;(p) -S$p') (8) where S;(p) is given in (5) We can accomplish these aims by keeping only the terms
which introduce 4 arbitrary functions.
If one of the fermions is on the mass shell there are only two functions and the vertex may be written in the form 3P') p&p*, P 1 = 3P') TcL (PI2 -m2> C2(P") -(p2 -m2) C2(p2) P 1
With these alterations we can write down the expressions pertinent to the anomalous moment and pair production.
Using the cancellation between
propagator and vertex at the outside vertices the first order vertex modification ( where I' ~ is given by (9) and (12).
Similarly the amplitude for pair production in an external Coulomb field, Fig. 3 , is of the form
where q' =k-P+7 q" = P--k.
As they stand, neither amplitude (13) nor (14) is gauge invariant.
The situation is analogous to the electrodynamics of spin zero bosons in which there appear two photon as well as single photon vertices as in Fig. 4 which arise from the derivative coupling.
The form factors here play the role in momentum space of derivative interactions and we must include an amplitude from diagrams as in Fig. 4 . This cannot be constructed uniquely in the absence of a theory but it will serve our present pnrposes to write an amplitude which when added suitably to (13) and (14) 
u(p,).
In particular it is now clear that the term proportionalto C does not 1 contribute to the Bethe-Heitler cross section for symmetric pairs sinoe in transverse gauge
In the anomalous moment calculation the one particle matrix element of the fermion current is of interest and as found from (13) By standard methods we can project from AP(pt, p) the coefficient of the uPvqv term. This is conveniently done in the limit of small momentum transfer to the external field, q = (p' -p) 40. The coefficient will in general depend on p and the moment is obtained from its static limit.
In particular we find that the Schwinger correction a/2n becomes a/2r( A(0) where A(0) is the small p value of In summary we note that the g-2 expression depends on both the parameters which our generalization introduces while the symmetric pair cross section depends on only one. Thus a comparison with experiment of either of these results by itself does not completely probe the muon propagator.
For the particular functions we chose the limits on the regulator masses are consistent between the two experiments and are roughly in agreement with previous estimates.
Finally we remark that the generalization we have made is computationally simpler than might be expected because of the propagator-vertex cancellation implied by the Ward relation.
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